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realization of the impracticability of the battery as a source
of energy.
The second era of electrical railway development opened about
the year 1861 when Pacinotti invented the reversible continuous
current dynamo. From this invention may be said to have arisen
all modern generators and motors. While these were gradually
developed by Gramme and Siemens, Wheatstone and Varley,
Farmer and Rowland, Hefner-Alteneck and others, Wheatstone
and Siemens having almost simultaneously developed self-excit-
ing generators equipped with shunt and series windings, re-
spectively, yet a considerable period of time elapsed before these
developments were effectively applied to traction.
The work of George F. Green, a poor mechanic of Kalamazoo,
Mich., has been quoted as the connecting link between the two
eras. Although he began his experiments as late as 1875, after
the development of the dynamo, his first model road reverted to
the battery delivering current to the car over the operating rails.
Although Green proposed the trolley for his experimental track,
he did not make use of it. The following work of this man is
rather pathetic, in that he constructed a car about the year 1878
large enough for two people and realized the advantages of the
dynamo for supplying energy for same. He did not understand
how to construct this machine himself, however', and was not
financially able to procure one of the few being constructed
abroad at that time. He applied, in 1879, for patents which
would probably have been of considerable value at that time, but
because of limited funds and the fact that he was obliged to act
as his own patent attorney, his claim was rejected and only
finally granted in the year 1891 after a belated appeal to the cir-
cuit court of the District of Columbia.
The first electric road operating on a practical scale was the
one exhibited by Siemens and Halske at the Berlin Exposition in
1879. This consisted of an oval track about % mile in length
upon which an electric' locomotive was operated with three
small trailers accommodating from 18 to 20 passengers. The
motor was mounted with its axle lengthwise of the car and
power was transmitted to the car axle through a double bevel
gear speed reduction. A speed of about 8 miles per hour was
attained. The current was supplied by means of a third rail
located between the running rails.
The year 1880 in Europe 'marked the exhibition of another